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1 Introduction
One objective of sidelink relay SI [1] is about relay (re-)selection criterion and procedure.

1. Study mechanism(s) with minimum specification impact to support the SA requirements for sidelink-based UE-to-network and UE-to-UE relay, focusing on the following aspects (if applicable)  for layer-3 relay and layer-2 relay [RAN2];
A. Relay (re-)selection criterion and procedure;

B. Relay/Remote UE authorization;

C. QoS for relaying functionality;

D. Service continuity;

E. Security of relayed connection after SA3 has provided its conclusions;

F. Impact on user plane protocol stack and control plane procedure, e.g., connection management of relayed connection;

2. Study mechanism(s) to support upper layer operations of discovery model/procedure for sidelink relaying, assuming no new physical layer channel / signal [RAN2];

In this contribution, we provide our view on NR sidelink relay selection and reselection.
2 Discussion  

Relay (re)selection is one of the key parts of sidelink relay. In Rel-13 LTE Prose UE-to-NW relay, relay (re)selection was specified for L3 relay system. We will first provide an overview of LTE procedure, and then discuss which parts need further discussion in NR.

2.1 LTE Prose relay (re)selection procedure 
In LTE Rel-13, a relay (re)selection procedure was specified in TS 36.331 [2] and TS 36.300 [3]. The procedure is a UE autonomous procedure (i.e. without network control) which is suitable for L3 relay system. The assumption is that the relay UE is always in-coverage (IDLE or CONNECTED) while remote UE can be in-coverage or out-of-coverage. 
Observation 1: LTE Rel-13 Prose UE-to-NW relay is a L3 relay system with assumption that the relay is always in-coverage while remote UE can be in-coverage or out-of-coverage. And a UE autonomous relay (re)selection procedure was specified. 
From relay UE perspective, it needs to check its Uu radio condition before announcing relay discovery message. Specifically, the relay checks whether all of the following conditions satisfied according to TS 36.331 [2]:

1) Authorized by the network for relay service
2) In-coverage (CONNECTED or IDLE)
3) It is configured with TX discovery resource pool

4) Its Uu RSRP measurements towards PCell is in-between the two RSRP thresholds (i.e. threshHigh and threshLow) configured in SIB or dedicated RRC message.  
Observation 2: In LTE Rel-13 Prose UE-to-NW relay, in-coverage relay can send relay discovery message if it is authorized by the network, configured with TX discovery resource and satisfies threshold condition (i.e. Uu RSRP measurement is in-between threshHigh and threshLow).
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Figure. 1 LTE relay selection and reselection procedure 
The procedure of remote UE includes relay selection and reselection which are illustrated in Figure. 1. As a brief summary: 
· Relay selection:
· Triggered when remote UE has not connected to relay

· The remote UE discovers all relay nodes whose SD-RSRP > q-RxLevMin by minHyst (i.e. suitable relay). Among them, it is up to remote UE implementation which relay to select (e.g. the relay with best SD-RSRP)
· Relay reselection:

· Triggered when connected relay is not “suitable” (i.e. SD-RSRP < q-RxLevMin by minHyst) or reception of a layer-2 link release message (upper layer message) from Relay;
· The remote UE discovers all relay nodes whose SD-RSRP is above q-RxLevMin by minHyst (i.e. suitable relay). Among them, it is up to remote UE implementation which relay to select (e.g. the relay with best SD-RSRP).
Observation 3: In relay selection of LTE, the remote UE discovers all relay nodes whose SD-RSRP > q-RxLevMin by minHyst (i.e. suitable relay). Among them, it is up to remote UE implementation which relay to select (e.g. the relay with best SD-RSRP).
Observation 4: LTE relay reselection procedure is triggered when connected relay is not “suitable” (i.e. SD-RSRP < q-RxLevMin by minHyst) or reception of a layer-2 link release message (upper layer message) from Relay. Among all “suitable” relays, it is up to remote UE implementation which one to select. 
2.2 NR relay (re)selection procedure
In our understanding, the key differences from LTE Rel-13 relay (re)selection procedure are:

1) Relay discovery / announcement message is carried over communication channel (i.e. PSSCH)
2) Support of L2 relay
3) SD-RSRP Measurements for relay node because there is no discovery DMRS specified in NR

We have addressed 1) in our companion contribution [4]. For 2), as we mentioned in [4], although some Network controlled relay selection solution can be considered for L2 relay system, RAN2 should focus on a unified solution for both L2 and L3 relay in Rel-17 due to tough schedule of relay SI. 

Observation 5: Although some Network controlled relay selection solution can be considered for L2 relay system, RAN2 should focus on a unified solution for both L2 and L3 relay in Rel-17 due to tough schedule of relay SI

Proposal 1: Introduce a unified relay (re)selection solution for both L2 and L3 relay in Rel-17

Based on above analysis, a UE autonomous relay selection is the only choice because we seek for a unified solution. Then, we think it makes more sense to reuse the baseline relay (re)selection procedure of LTE Rel-13. Specifically, we think the principle summarized in Observation 1)-4) can be reused for NR relay (re)selection.
Proposal 2: Same as LTE Rel-13 Prose relay, the relay is always in-coverage while remote UE can be in-coverage or out-of-coverage
Proposal 3: For relay UE advertisement criteria and procedure, reuse the similar principle of LTE Rel-13 Prose relay, i.e. relay can send relay discovery message if it is authorized by the network, configured with TX discovery resource and its Uu RSRP measurement satisfies two configured thresholds from SIB / RRC
Proposal 4: For remote UE relay selection criteria and procedure, reuse the similar principle of LTE Rel-13 Prose relay, i.e. the remote UE discovers all “suitable” relays whose PC5 link quality exceeds configured threshold. Among them, it is up to remote UE implementation which relay to select (e.g. based on PC5 link quality and/or upper layer criteria).
Proposal 5: For remote UE relay reselection criteria and procedure, reuse the similar principle of LTE Rel-13 Prose relay, i.e. remote UE trigger this procedure when connected relay is not “suitable” or reception of a layer-2 link release message from its connected relay. Among all “suitable” relays, it is up to remote UE implementation which one to select (e.g. based on PC5 link quality and/or upper layer criteria).
We think it is necessary for RAN2 to further consider the impacts of 3), which are discussed in Section 2.3.
2.3 PC5 link quality measurements for relay (re)selection
SD-RSRP (Sidelink Discovery RSRP) measurement is specified in LTE Rel-14 Prose-relay UE [2]. Specifically, the remote UE applies L3 filtering across measurements on the PSDCH DMRS that concerned the same Relay UE ID [2].
Observation 6: SD-RSRP measurement was specified in LTE Rel-14 Prose-relay UE. Specifically, the remote UE applies L3 filtering across measurements on the discovery DMRS that concerned the same Relay UE ID.

Meanwhile, NR Rel-16 V2X specified SL-RSRP measurement for open loop power control of unicast PC5 link [5]. Specifically, the RX UE applies L3 filtering across measurements on the PSSCH DMRS of the TX UE.
Observation 7: SL-RSRP measurement was specified in NR Rel-16 V2X. Specifically, the RX UE applies L3 filtering across measurements on the PSSCH DMRS of the TX UE

Then for NR sidelink relay, we think it is necessary to consider both SD-RSRP and SL-RSRP in different cases:
· Case 1 (remote UE not connected to any relay UE): SD-RSRP based on DMRS of the PSSCH which carries (periodic) discovery transmission.

· Case 2 (remote UE connected to a relay UE): reuse Rel-16 specified SL-RSRP, which is based on the concerned relay UE L2 ID, including both discovery and communication messages from relay.
For case 1, please note that the objective of WID has clearly stated “assuming no new physical layer channel / signal”. Thus, separate physical discovery channel (i.e. PSDCH in LTE) is not introduced in NR. Then, it is not feasible to perform SD-RSRP based on the discovery DMRS in NR. 
Observation 8: According to objective of WI, new physical discovery channel (i.e. PSDCH in LTE) is not introduced in NR. Then, it is not feasible to perform SD-RSRP based on the discovery DMRS in NR.
As discussed in our companion contribution [4], we propose to have separate resource pool configuration for communication message and discovery message. Then, it is straight forward to define similar concept of SD-RSRP in NR sidelink relay, i.e. the remote UE applies L3 filtering across measurements on the PSSCH DMRS which carriers (periodic) discovery message from the concerned Relay UE. Note that although being sent in NR PSSCH, the NR discovery message is still expected to be sent in periodic way. Thus, there is no issue of sudden disappear of PSSCH DMRS for SD-RSRP measurement.
Observation 9: Although being sent in NR PSSCH, the NR discovery message is still expected to be sent in periodic way. Thus, there is no issue of sudden disappear of PSSCH DMRS for SD-RSRP measurement.

Proposal 6: For the relay which is not connected with PC5 RRC, the remote UE performs SD-RSRP for relay (re)selection, i.e. the remote UE applies L3 filtering across measurements on the PSSCH DMRS which carries (periodic) discovery message from the concerned relay.
To support remote UE in different RRC state (i.e. IDLE/INACTIVE/CONNECTED or OOC), it is necessary for the Network to provide configuration on SD-RSRP measurements via RRC/SIB for in-coverage remote UE, or via pre-configuration for out-of-coverage remote UE.  

Proposal 7: The in-coverage remote UE is provided with configuration on SD-RSRP measurements via RRC/SIB while the out-of-coverage remote UE is provided the configuration via pre-configuration.

For case 2 (i.e. remote UE has established PC5 RRC with the relay UE), it is straight forward to reuse Rel-16 specified SL-RSRP, which is based on the concerned relay UE L2 ID, including both discovery and communication messages from relay. 
Proposal 8: For the relay which is connected with PC5 RRC, the remote UE performs Rel-16 V2X specified SL-RSRP for relay (re)selection.
3 Summary

In this contribution, we provide our view on sidelink relay selection and reselection in Rel-17 SI of sidelink relay.

Observation 1: LTE Rel-13 Prose UE-to-NW relay is a L3 relay system with assumption that the relay is always in-coverage while remote UE can be in-coverage or out-of-coverage. And a UE autonomous relay (re)selection procedure was specified. 

Observation 2: In LTE Rel-13 Prose UE-to-NW relay, in-coverage relay can send relay discovery message if it is authorized by the network, configured with TX discovery resource and satisfies threshold condition (i.e. Uu RSRP measurement is in-between threshHigh and threshLow).

Observation 3: In relay selection of LTE, the remote UE discovers all relay nodes whose SD-RSRP > q-RxLevMin by minHyst (i.e. suitable relay). Among them, it is up to remote UE implementation which relay to select (e.g. the relay with best SD-RSRP).
Observation 4: LTE relay reselection procedure is triggered when connected relay is not “suitable” (i.e. SD-RSRP < q-RxLevMin by minHyst) or reception of a layer-2 link release message (upper layer message) from Relay. Among all “suitable” relays, it is up to remote UE implementation which one to select. 

Observation 5: Although some Network controlled relay selection solution can be considered for L2 relay system, RAN2 should focus on a unified solution for both L2 and L3 relay in Rel-17 due to tough schedule of relay SI

Observation 6: SD-RSRP measurement was specified in LTE Rel-14 Prose-relay UE. Specifically, the remote UE applies L3 filtering across measurements on the discovery DMRS that concerned the same Relay UE ID.

Observation 7: SL-RSRP measurement was specified in NR Rel-16 V2X. Specifically, the RX UE applies L3 filtering across measurements on the PSSCH DMRS of the TX UE

Observation 8: According to objective of WI, new physical discovery channel (i.e. PSDCH in LTE) is not introduced in NR. Then, it is not feasible to perform SD-RSRP based on the discovery DMRS in NR.

Observation 9: Although being sent in NR PSSCH, the NR discovery message is still expected to be sent in periodic way. Thus, there is no issue of sudden disappear of PSSCH DMRS for SD-RSRP measurement.

Proposal 1: Introduce a unified relay (re)selection solution for both L2 and L3 relay in Rel-17

Proposal 2: Same as LTE Rel-13 Prose relay, the relay is always in-coverage while remote UE can be in-coverage or out-of-coverage

Proposal 3: For relay UE advertisement criteria and procedure, reuse the similar principle of LTE Rel-13 Prose relay, i.e. relay can send relay discovery message if it is authorized by the network, configured with TX discovery resource and its Uu RSRP measurement satisfies two configured thresholds from SIB / RRC

Proposal 4: For remote UE relay selection criteria and procedure, reuse the similar principle of LTE Rel-13 Prose relay, i.e. the remote UE discovers all “suitable” relays whose PC5 link quality exceeds configured threshold. Among them, it is up to remote UE implementation which relay to select (e.g. based on PC5 link quality and/or upper layer criteria).
Proposal 5: For remote UE relay reselection criteria and procedure, reuse the similar principle of LTE Rel-13 Prose relay, i.e. remote UE trigger this procedure when connected relay is not “suitable” or reception of a layer-2 link release message from its connected relay. Among all “suitable” relays, it is up to remote UE implementation which one to select (e.g. based on PC5 link quality and/or upper layer criteria).

Proposal 6: For the relay which is not connected with PC5 RRC, the remote UE performs SD-RSRP for relay (re)selection, i.e. the remote UE applies L3 filtering across measurements on the PSSCH DMRS which carries (periodic) discovery message from the concerned relay.

Proposal 7: The in-coverage remote UE is provided with configuration on SD-RSRP measurements via RRC/SIB while the out-of-coverage remote UE is provided the configuration via pre-configuration.

Proposal 8: For the relay which is connected with PC5 RRC, the remote UE performs Rel-16 V2X specified SL-RSRP for relay (re)selection.
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